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The literature pertaining to acidosis, with especial regard to its
bearing on diabetes, has grown in the past few years to such dimensions
that it is practically impossible for the general practitioner to keep fully
abreast of the recent researches along this line. In reviewing the vari-
ous articles pertaining to diabetic coma and its underlying condition,
acid intoxication, it seems that since 1900 the work has taken on a dis-
tinctly new and decidedly more interesting and valuable aspect, mainly
due to the energy of German investigators. While most of the work has
had to do with the theoretical and experimental side, yet for a thorough
understanding of the subject it is absolutely essential that the busy
practitioner, not interested generally in chemical research, should be
acquainted with the more recent advances in this subject. It has seemed,
therefore, fitting to compile reports of recent date, to review the most
important papers in detail, to summarize results, and to put these re-
sults in a paper of sufficient brevity to acquaint the average physician
with the present status of diabetic acidosis.
I have chosen, therefore, to limit this paper to a review of reports
published from 1900 to the present time, for it is during this period
that the most marked advances are seen. For a short history of the
subject the reader is referred to Folin's article,1 in which he concisely
summarizes the history of the acid intoxication theory from the time of
Boussingault. This part of the question will be omitted, and this paper
will be confined solely to the subject of acidosis, with report of the work
done on the origin of the acetone bodies, and the probable nature of the
effects exerted on the animal organism by their presence. As much
technical phraseology will be omitted as is concomitant with a clear
representation of the subject, and the endeavor will be made to explain
such chemical technicalities as can not well be avoided. I have often
observed that, whereas the average practitioner speaks glibly of acidosis,
oxybutyric acid, diacetic acid and aceton, he has not the slightest con-
ception of exactly what is meant by these names, but is rather like the
1. The Jour. Am. Med. Assn., 1907, xlix, 128.
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Harvard student who, on being asked his definition of "word," replied
that it was "a funny sound that means something."
Butyric acid and acetic acid belong to the same group, the type of
which is C„H,n02. If there is one atom of carbon, there must be two
atoms of hydrogen; if two carbon atoms, there must be four hydrogen
atoms, and, no matter how many carbon atoms we have in the molecule,
the hydrogen atoms are twice as many, while in each molecule there are
never more than two oxygen atoms. Acids formed in this way are called
fatty, because their higher members occur in the natural fats, and if
C„H„n02 is remembered a series of fatty acids can be theoretically
formed ad libitum. Starting, however, with the lowest fatty acid of the
series, which must of necessity have but one carbon atom, we find
CH20,—H.COOH—or formic acid. The two oxygen atoms, one of the
carbon and one of the hydrogen atoms, are always in the combination of
COOH, which is called a carboxyl radical. The next acid in series must
have the formula, C2H2:r202 in which the  = 2 and we have
C2H402,—CH3.COOH or acetic acid. The next higher will be
C3HG0,,—CH3.CH2.COOH, proprionic acid, and the next above
C4Hs02—CH3.CH2CH2.COOH or butyric acid. Each division of these
molecules is named according to its relation in the molecule to the
fundamental unchanging carboxyl group. The one nearest to the
carboxyl radical is said to be in the alpha position, a, and one on the left
of the alpha ß, and the other y.
If, by a process of oxidation, there is an oxygen atom inserted in any
one of the
 , ß or
 
groups, we have formed an oxyacid, and if this
oxidation happens to take place in the ß position we have formed a ß
oxyacid, and if butyric acid is so oxidized ß oxybutyric acid,
CH3.CH0H.CH2.C00H. Supposing, however, the oxidation does not
stop here, but that combustion continues. It has been found by chem¬
ists that the oxidation of the fatty acids in the body takes place usually
in the ß position, furthermore that successive oxidation takes place in
the same position; in other words, the substance that is burned up by
oxidation in the beta position continues to be oxidized in the same posi¬
tion. Accepting this as a fact, we see the following results :
CH3 CH3
I I
CHOH -> CO
I ICH2 CH2
COOH COOH
/?-oxybutyric acid. Diacetic acid
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in which the new body has been formed by deprivation of ß-oxybutyric
acid of two atoms of H, with the formation of water.
On comparing this newly formed acid with acetic acid, CH3—COOH,
we find it to be made up of two molecules of the latter, minus one mole¬
cule of water, thus :
H
I
H-C-H CH,
HO-C-0 CO
I IH-C-H or CH,
I I "H COOH
I
C-OH
I
 
If oxidation continues, and there is still further sjilitting off, we can
imagine the following to take place, the new product arising by liberation
of carbon dioxid C02 :
CH.S CH3 CH3
 I !
CHOH -> CO-> CO + C02
CH, CH, CH3
COOH COOH aceton
Aceton is also called dimethylketon, the CH3 group being called
methyl, and if in a molecule the various components are held together
with CO, the body is called a keton.
If normally by our qualitative tests we can detect no aceton in a
specimen of urine, and we find it in a diabetic case, the organism's power
to burn up the aceton is impaired, and it appears as a danger signal
referable to some disturbance of metabolism. In such a case, where no
diacetic acid is detected, the organism is still sufficiently able to oxidize
material past oxybutyric acid, over diacetic acid, but can go no further
than aceton. If, however, we find diacetic acid, there is grave disturb¬
ance, as the body has now lost the power to oxidize even this, and in
such cases oxybutyric acid will generally be found, showing that marked
metabolic disorders are present in the organism.
The above is stated merely to review fundamentals concerned in the
chemistry of acidosis and is not to be considered as actually taking
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place, though such may be the case. With this elementary chemical
preface understood, there will be a clearer idea of just what is meant by
/ì-oxybutyric acid, diacetic acid and aceton, and it will probably make
more intelligible to the average physician why he dreads the appearance
of diacetic acid more than of aceton.
I. OHIGIN OF ACETON BODIES.
A. From Protein.—Schwarz7 thinks that aceton is not derived from
proteid, as in a diabetic, during nine days of carbohydrate fasting, there
were 27 grams more aceton excreted than in a period of carbohydrate
diet, and the nitrogen output was no higher in the first period than in
the second, which would be the case if the protein tissue were being
broken down. He thinks that aceton is an expression of increased fat
destruction, as it is seen when the organism has to provide heat for
itself, as in carbohydrate abstinence and in hunger. Blumenthal and
Neuberg3 state that Guckelberger and Colin had obtained aceton from
casein, and to study the question of origin of aceton from proteid they
investigated the action of iron salts on gelatin, and, finding that aceton
was produced, they proposed the hypothesis that the iron in the body
has some effect on oxidation and probably plays a rôle in the formation
of aceton. Schwarz,4 shortly after this, criticized the work of Blumen¬
thal and Neuberg, his main objection being that they should have dem¬
onstrated /?-oxybutyric acid, and if aceton is found it must be obtained
by oxidation of the former. He also states that Blumenthal and Neu¬
berg have not shown anything new, as Cotton, in 1899, had obtained
aceton from gelatin, fibrin and casein by distilling with hydrogen
peroxid.
Orgler5 produced aceton from crystallized egg albumin. Neuberg
and Blumenthal6 think that aceton may be formed from all three foods
—protein, carbohydrates and fats—that the last does not account for all
the aceton, and they believe that it is formed from protein tissue. Their
later work is merely a confirmation of their former paper.3 Baer7 seems
to hold the view that aceton is not formed from albumin, for so long as
the animal remains in nitrogen equilibrium there is no increase of
aceton, but, when this is disturbed, symptoms of acidosis appear. Satta,8
2. Centralbl. f. Stoffwechsel-u. Verdauungskr., 1900, p. 2.
3. Deutsch. med. Wehnschr., 1901, p. 6.
4. Id., 251.
5. Hofmeister's Beitr., 1901-2, i, 583.
6. Id., 1902, ii, p. 238.
7. Arch. f. exper. Path. u. Pharmakol., 1903-4, li, 271.
8. Hofmeister's Beitr., 1904-5, vi, pp. 1 and 388.
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in studying the condition of aceton formation, does not believe much in
its origin from protein for the following reasons :
(a) There is no relation between nitrogen and aceton output.(b) In diabetics, nitrogen equilibrium, even a storing up of nitro¬
gen, can be obtained without any decrease in the excretion of aceton
bodies being seen.(c) Mangus Levy found that in one case 262 grams of protein was
used up in three days, and 342 grams of ^-oxybutyric acid were ex¬
creted, which is more than could be accounted for by supposing its
origin to have been from albumin.
(d) The objection that a proportion between nitrogen decomposition
and aceton excretion can not be made because the breaking down of the
protein molecule does not go to the end jiroducts, is contradicted by the
relation between sulphur and phosphorus. It has been found that there
is a constant ratio between these two, but none between aceton and sul¬
phur.(e) Eosenfeld, Hirshfeld and others have reported that much albu¬
min ingestion cuts down acetonuria.(/) It is very difficult to understand why small amounts of carbohy¬
drates, which only inhibit the albumin decomposition to a slight extent,
should cause pronounced disappearance of aceton.
Satta regards it as proved that the greater amount of aceton does not
come from albumin. He remarks that the mere fact of having obtained
aceton outside the body by the use of strong oxidizing agents has not
much value, because the amount of aceton is small, no other substance
beside aceton is obtained, and because a similar procedure in the organ¬
ism is not possible. Satta suggests that the aceton-forming bodies be
classified as ketoplastic and antiketoplastic. The first contains those
bodies which are regarded as the immediate sources of fatty acid aceton,
and the second are inhibiting stuffs which prevent the formation of
aceton or from which no aceton is formed (carbohydrates).
Borehardt9 investigated the action of monamido acids on the aceton
output, and, knowing that protamins and histons contain but traces
of monamido acids, egg albumin a moderate amount, albumin of pan¬
creas much, and casein a great deal, it would be expected that protamins
and histons would have no antiketoplastic action, the action of the
others being dependent on the amount of the monamido acids present
in the molecule. At present, aceton formation is supposed to be from
fat which contains ketoplastic groups—fatty acids—and antiketoplas¬
tic groups—glycerin. As the antiketoplastic group can be removed
9. Arch. f. exper. Path. u. Pharmakol., 1905, liii, 388.
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from the protein molecule, the question naturally arises, Has the pro¬
tein molecule, groups from which aceton bodies can be formed? If
so, then those proteins which contain no antiketoplastic groups, as
protamin and histons, should give an increased amount of aceton. For
those proteins which contain only a moderate amount of inhibiting
stuffs the result is not known, as the unknown ketoplastic and not
wholly known antiketoplastic groups (leucin and monamido acids) are
antagonistic, and it is not known which is the more powerful. But it
is to be expected here that egg albumin poor in monamido acids has
rather a ketoplastic action than the leucin-rich casein, whereas the pro¬
teid of the pancreas, corresponding to its leucin percentage, stands be¬
tween both.
Borchardt states that Magnus Levy11 found such quantities of oxy-
butyric acid in the urine of cases of severe diabetes, that its origin from
protein or fat bodies did not account for it, and another source of aceton
must be sought. The breakdown of high fatty acids to bodies with two
or three carbon atoms (Magnus Levy) to form aceton is from a chemical
standpoint improbable, but can be neither proved nor controverted.
Borchardt used carp's eggs which contain 81 per cent, of nucleic pro¬
tamin, calf's thymus containing 70 per cent, of nucleic histon, native
and coagulated egg albumin, pancreas and mitróse, and found that feed¬
ing on protamin, histon and egg albumin caused a marked increase of
aceton output, after pancreas he was uncertain, and with casein the
aceton was diminished. His results do not correspond with Lüthje'.?12
experiment on diabetics.
Lüthje found after nutrose that the nitrogen, sugar and aceton were
increased, but with thymus all sank, giving as an explanation that
nutrose is burned up rapidly in the organism and consequently there is
a high nitrogen output, its carbohydrate-forming groups are very great,
and in diabetes this causes more sugar, and, as the unused carbohydrate
formers do not act antiketoplastically, the aceton is increased. Calf's
thymus is more slowly used up, hence a diminution of nitrogen, and, as
it contains no carbohydrate-forming groups, there is no sugar produced,
and this would account for increase of aceton. The sinking of aceton
means that casein contains antiketoplastic substances (carbohydrate
formers), which, being stored up, are broken down in the after period
and act during the period of thymus feeding as inhibiting stuffs, v.
Noorden found that the different albumin bodies acted differently on
the excretion of aceton, the vegetable protein having less ketoplastic
11. Quoted by Borchardt.
12. Ztschr. f. klin. Med., xxxix.
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power than egg albumin. Borehardt found that when nutrose was sub¬
stituted by three eggs the aceton increased, and this effect was more pro¬
nounced with 200 grams of meat.
Owing to our lack of knowledge of the split products of albuminous
breakdown, the meaning of these experiments is obscure. The fact that
the protein bodies which are rich in carbohydrate producers (casein,
pancreas) have no ketoplastic action, is in favor of the view that the
carbohydrate-forming groups of the protein molecule are inhibiting
.stuffs; together with these antiketoplastic groups there is a ketoplastic
group. Better known than the mother substances of aceton are the
antiketoplastic substances—carbohydrates, glycerin, lactic acid, and, ac¬
cording to Borchardt's experiments, probably a group in the protein
molecule.
As stated above, Magnus Levy found that no one group (neither fat
nor proteid) could be regarded as being the mother substance of aceton.
Of course, the fatty acids are now known positively to be a source of
aceton, but it is not known what other substances have the same prop¬
erty, but Borehardt believes that there is a ketoplastic group in albumin.
The percentage of monamido acids in protamin, histon, egg albumin,
pancreas and casein is lowest in the order' of substances named, as are
also the carbohydrate-forming groups, whereas the ketoplastic power
increases from casein up to protamin. Protamin, histon and egg albu¬
min increase the aceton output, the pancreas has no influence, and casein
acts antiketoplastically.
Borehardt gives another explanation, however. During pepsin and
trypsin digestion, protein is broken down to so-called antigroups, very
resistant in nature, and to hemigroups, very readily broken up further.
The first are forerunners of polypeptids and are ketoplastic; the latter
are antiketoplastic. Casein is rich in hemigroups and consequently is
easily broken down; whereas protamin is hardly digested by trypsin at
all, and only exceptionally is broken down to proton. This theory means
more than that the antigroup contains certain monamido acids, as
leucin, for other amido acids, as glykopoll, belong exclusively to the
antigroup. The different action of the same monamido acid in the
hemi- and antigroups can be explained by supposing different union in
the proteid molecule.
Which of the theories is correct has not been decided, but it is cer¬
tain that the protein molecule contains ketoplastic and antiketoplastic
groups, and that the proportion of one to the other determines its in¬
fluence in aceton excretion.
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In favor of albumin as a source of aceton, Baumgarten and Popper13
report that aceton was a constant accompaniment of extrauterine preg¬
nancy with hemorrhage into the peritoneal cavity. Based on this clinical
observation they believe that aceton is derived from the proteid tissue in
blood.
In discussing the ketoplastic and antiketoplastic bodies, Halpern and
Landau14 suggest that the antiketoplastic bodies prevent the formation
of aceton by setting oxygen free during their breaking down, and that
by this means aceton is oxidized. For instance, if the body, for any rea¬
son, can not use up carbohydrates, there is an increased output of aceton
bodies through the lungs and kidneys, the amount depending on the
degree of disturbance. Borchardt is quoted by them as saying that the
antiketoplastic action depends on the amount of amido acids contained in
the protein molecule, for leucin and alanin do not cause increase of
aceton. Therefore, the more amido bodies the protein molecule contains,
the greater its antiketoplastic property. This view of Halpern and
Landau does not seem to the writer tenable, as carbohydrates, which
contain no amido groups, are the most powerful of the antiketoplastic
bodies.
Later, in 1907, Borchardt and Lange1" set about to answer three
questions: (1) Which components of fat and albumin act as augment-
ors and which act as inhibitors of aceton? (2) Are the substances which
increase aceton output those from which oxybutyric acid or aceton can
be derived directly? (3) Which substances are the direct source of
aceton? I shall here refer only to these problems in their bearing on
the question of aceton formation from protein.
Does the protein molecule contain augmenting or inhibiting aceton
factors? Borchardt affirms this, but without going into the nature of
these substances. At that time it was thought that monamido acids
inhibit aceton output, because protein poor in monamido acids increase
aceton, and vice versa. The question is now, What chemical substances
(referring only to fatty acids and their derivatives) can be transformed
into oxybutyric acid or directly into aceton, and, finally, which of these
substances occur in food, fatty or protein; in other words, which may
be considered as sources of aceton bodies?
Borchardt and Lange decided to repeat the experiment of Embden
and others with perfusion of the liver, by feeding the same substances to
men. As thèse experiments of Embden et al. bear mostly on the forma-
13. Wien. klin. Wchnschr., 1906, p. 334.
14. Ztschr. f. exper. Path. u. Therap., 1906, iii, 466.
15. Hofmeister's Beitr., 1907, ix, 116.
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tion of aceton from fat, I shall mention this part of their paper under
that division of my subject dealing with this side of the question. The
experiments of Borchardt and Lange will also receive the consideration
which their excellent work deserves, but their conclusions may be briefly
stated as follows : That those amido products of albumin digestion
which lead to formation of aceton do so by being converted into their
corresponding fatty acids and are oxidized to aceton in this way.
There is, of course, ample proof that aceton can be formed from
protein tissue, but, as this formation always takes place over fatty acids,
protein may, in the light of investigations previously quoted, be con¬
sidered not as a source of aceton sui generis, but merely as a source of
amido acids which, in their turn, by breaking off of the amido group
are converted into fatty acids and then into aceton.
B. Origin of Aceton from Carbohydrates.—The only reference I
have found to this side of the question is a work by Neuberg and Blu¬
menthal.6 They quote Emil Fischer as believing that carbohydrates are
derived from fat, and Magnus Levy, who believes that in the breaking up
of hexoses, lactic acid is first formed according to the following equation :
CcH12O0 = 2CH3—CHOH—COOH. This acid goes easily into formic
acid and acetaldehyd, CH3—CHOH—COOH = H.COOH + CH3.CHO.
With this as a working basis, Neuberg and Blumenthal develop a very
pretty hypothesis. By condensation of two molecules of acetaldehyde an
aldol is formed, 2CH3.CHO = CH3—CHOH—CH2—COH (/8-oxy-
butyraldehyde), and this, in turn, by shoving of oxygen in between
molecules or by splitting off of water, forming crotonaldehyde—·
CH3.CHCH.COH—and then adding it, butyric acid is formed. By
repeated condensation of aldol and crotonaldehyde and subsequent re¬
duction, the higher fatty acids may be supposed to be formed. They
think that the question of formation of aceton from fat may be equally
well regarded as a question of aceton formation from carbohy¬
drates, also that the hypothesis is rather stretched in supposing that
fatty acids must be broken up to butyric acid and this, in turn, be sub¬
jected to a succession of complicated reactions before aceton can be
formed; so they prefer to believe that the same substances form aceton
as form fat, namely, carbohydrates.
The above view has not been generally accepted; in fact, I know of
no work published which deals with this novel theory of Neuberg and
Blumenthal. In vitro and in vivo are two entirely different questions,
and until laboratory experiments can be reproduced, in a measure, in the
body, their importance in metabolism problems is somewhat vitiated.
There is no proof that sugar or any carbohydrate increases aceton, and
Downloaded From: http://archinte.jamanetwork.com/ by a University of Iowa User  on 05/31/2015
400 DIABETIC ACIDOSIS.
thousands of instances where acetonuria has been held in abeyance by the
ingestion of sugar. My personal belief is that the question of the deriva¬
tion of aceton from carbohydrate has but little importance, if any.
C. Origin of Aceton from Fat.—Here it is that we meet with the
probable solution of the whole question of the source of the aceton bodies.
It has been known, or at least conjectured, for a great while that fat or
some component of fat has the most to do with the formation of aceton,
and, to my mind, the work of Embden, Salomon, Borehardt and others
has put the subject on a very sound basis from which there does not
seem to be any probability of its being dislodged.
Geelmuyden (quoted by Hagenbeck16) found that fat containing no
low fatty acids (beef tallow) diminished and prevented aceton, whereas
butyric acid increased it, and stated that the varying acetonuria on fat
diet, for instance butter, depended on the amount of the volatile fatty
acids present. Hagenbeck took up this particular point, using the cal¬
cium salt of butyric acid. His object was to study aceton, so he disre¬
garded /?-oxybutyric acid entirely. He confirmed Geelmuyden's observa¬
tion, and thinks the presence of aceton is dependent on the lower fatty
acids. He states, furthermore, that in vitro butter, plus potassium per¬
manganate and sodium hydroxid, gives rise to aceton.
Schwarz17 found that in health there was no increase of aceton after
fat ingestion, but, in diabetes, fatty diet, especially butter, caused marked
increase, and this increase was higher if aceton was high before the
experiments.
Waldvogel and Hagenberg18 studied the effect of over-nourishment
with fat and fatty acids on healthy organism, selecting themselves for
study, and found that, despite abundant food, with certain amounts of
fat and fatty acids, the aceton excreted was normal. Just the opposite
view is held by Schumann-Leclercq,19 who states that fat must be re¬
garded as the principal cause of aceton, no matter if there is disturb¬
ance of body or food fat, or whether the patient is fasting, on fatty diet,
or on meat diet, and, furthermore, that carbohydrates inhibit aceton by
protecting the labile fat from combustion to aceton.
Mohr and Loeb20 found after 200 grams of butter that /3-oxybutyric
acid was increased, but there was no increase after 300 grams sesame
oil, which they attribute to absence of volatile fatty acids. By increasing
16. Centralbl. f. Stoffwechsel-u. Verdauungskr., 1900, p. 33.
17. Id., p. 2.
18. Ztschr. f. klin. Med., 1901, xlii, 443.
19. Wien. klin. Wchnschr., 1901, p. 237.
20. Centralbl. f. Stoffwechsel-u. Verdauungskr., 1902, p. 193.
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or diminishing fatty food they observed an increase or diminution in
oxybutyric acid, whereas the aceton was unaffected. They also noticed
that both aceton and oxybutyric acid were diminished after glycerin,
and confirmed Rumpfs observation of increase of /J-oxybutyric acid after
sodium butyrate, only they used pure butyric acid neutralized with
NaOH.
Neuberg and Blumenthal10 refute the idea of aceton formation from
fat and contend that if it takes place it is due to bacterial activity in
the intestine. Johannes Müller was the champion of this view, but
Lüthje, quoted by Neuberg and Blumenthal, discovered in a diabetic
girl that calomel had no effect on aceton and diacetic acid. The strong¬
est proof that Neuberg and Blumenthal offer is that it is only per os
that butyric acid increases the output of aceton, the subcutaneous injec¬
tions having no effect.
It is supposed that the following reactions take place in the bowels,
CH3-CH2-CH2-COOH CH3-CHOH-CH2COOH->
Butyric acid. ^-oxybutyric acid.
CH3-CO-CH2-COOH CH3-CO-CH3
but Neuberg and Blumenthal state that the pure chemical oxidation of
butyric acid with nitric acid takes place in the gamma position, and
succinic acid, COOH—CH2—CH2—COOH, is formed, or, if oxidation
with chromic acid, there is a shattering of the molecule with the forma¬
tion of C02 and acetic acid. They prefer to believe in the carbohydrate
origin of aceton, as previously stated.
Baer7 has found that when much albumin is ingested the acidosis is
diminished, much carbohydrate causes it to disappear, while much fat,
especially the lower fatty acids, increases it. On a mixed diet, however,
he states that fat ingestion causes no acidosis; the few exceptions that
Waldvogel found are to him not proof against this view, but Baer be¬
lieves that the degree of acidosis, that is the amount of aceton bodies
excreted, is due not so much to the food ingested as to the disease itself,
as the fatty acids or esters are in sufficient quantity in the body to ac¬
count for all the aceton.
Schwarz,21 in a study of diabetes, found a great difference in aceton
output in (a) healthy people and non-diabetics and in (b) diabetics.
In the former, he found only a very slight increase of aceton after fat,
and this was seen only when the fat intake was very large, but if the
carbohydrates are withdrawn and the healthy subject is starved, making
of him an acetonuric, butter is found to increase the aceton. These sub¬
jects can not, however, be classed as healthy when subjected to such
21. Deutsch. Arch f. klin. Med., 1903, lxxvi, 233.
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abnormal conditions. As aceton has been found in pregnancy (Stolz22),
typhoid fever (Bernert23), phosphorus poisoning (Walko24), also after
chloroform and other narcotics, in inanition, and carcinoma of the gas¬
trointestinal tract, it seems to be an expression of abnormal fat destruc¬
tion.
In diabetics Schwarz has found aceton increased with all sorts of
fats, although pig's fat did not exert so marked an influence as did other
fats. The higher fatty acids were found to increase the aceton, though
this increase was not as noticeable as after the lower fatty acids.
An increase of aceton after ingestion of acids of the oleic acid group,
C„I,„—202, is rarely seen, and Schwarz supposes, as these acids are
much more sensitive to oxidative processes outside the body than are the
fatty acids, that they are more easily burned up in the body. Aceton can
be formed from body fats over the butyric acid route, either by successive
splitting off of C02 or by breaking up of long C chain, and the four
carbon chain is oxidized in the ß position, which is a peculiarity of the
organism, as by chemical means this can not be brought about. Schwarz
made a few experiments with ^-oxybutyric acid in health and in dia¬
betes, and found that a dog could use three grams pro Kg. body weight
without a trace appearing in the urine. In mild diabetes, an amount
which a healthy person could use up without an effort produced an in¬
crease of aceton only, whereas in severe diabetics not only aceton was seen,
but also unchanged ß-oxybutyric acid. Aceton was not completely used
up by normal man.
As a result of his studies Schwarz makes the following conclusions :
1. In health fat causes only slight increase of aceton.
2. It is probable that in many conditions, such as starvation, phos¬
phorus poisoning, narcosis and coma, aceton is due to melting of bodv
fat, although not all wasting diseases are accompanied by aceton.
3. In severe diabetes, aceton may be derived from the fat of food or
from body fat if the carbohydrate intake is cut down. The intestinal
canal does not seem to play an important rôle in aceton formation.
4. The total aceton output is subject to variation even with constant
diet, and the amount of /?-oxybutyric acid excreted is very large; it can
be as high as 70 per cent, or even more.
5. The higher fatty acids do not increase the aceton bodies as do the
lower acids; the acids of the oleic acid group least of all.
22. Arch. f. Gyn\l=a"\k.,1902, lxv, 531.
23. Ztschr. f. Heilk., 1902, xxiii, 113.
24. Quoted by Stolz (loc. cit.).
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6. Butter increases the aceton more than do the animal fats. The
action of oils is dependent on the presence of fatty acids.
7. In normal people, but especially in severe diabetics, ingested
/8-oxybutyric acid is insufficiently combusted if no carbohydrates are
taken, whereas aceton is badly used up in any case, and can not be re¬
garded as an intermediary metabolic product, although ¿8-oxybutyric
acid may be.
8. Lipemia is higher in severe diabetes than in mild cases, is seen
even with absence of fat from the diet, apart from coma, and can be
associated with no symptoms for a long time, but is always associated
with excretion of aceton bodies.
9. Alimentary lipemia is seen in severe cases of diabetes after large
amounts of fat.
Geelmuyden25 thinks that the aceton bodies are formed in large
amounts in health, but are changed again to other substances. In health,
diacetic acid and oxybutyric acid are well burned up by organisms, but
aceton is not; hence it should not be regarded as a product of interme¬
diary metabolism, as are the other two acids. These he regards as nor¬
mal intermediary products, 'but, being burned up as soon as formed, are
not excreted. The fact that carbohydrate inanition is the sole cause of
acetonuria is explained by Geelmuyden on the belief that carbohydrates
unite with aceton in intermediary metabolism by synthesis as glycuronic
acid, which process is necessary for the further change of the aceton
bodies; failure of this synthesis or limitation of the same causes a collec¬
tion of aceton bodies and their subsequent excretion. He regards fat as
the principal mother substance of aceton.
Knoop,20 realizing the difficulty of studying the intermediary cleav¬
age products of fatty acids, states that the only way to study this prop¬
erly, is by combining these acids with a substance which is attacked with
difficulty by the organism, as otherwise the fatty acids are broken down
so completely and so quickly that no intermediary products can be found.
He recalls the fact that tyrosin, phenylalanin and a aminocinnamic
acid are completely oxidized in the body; phenylproprionic acid and cin-
namic acid are oxidized to benzoic acid, whereas phenylacetic acid and
its derivatives, mandelic acid and phenylamido acetic acid, are un¬
changed, with the exception of the last, which simply has its NH2 group
replaced by the hydroxyl radical OH. It will be recalled by consulting
Table I that all these substances have the benzene (C6H5) group in
common; so why should the other bodies lie oxidized and not the phenyl-
25. Ztschr. f. physiol. Chem., 1904, iv, 128.
26. Hofmeister's Beitr., 1904-5, vi, 150.
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acetic acid or its derivatives? It is not possible that phenylproprionic
acid is oxidized to phenylaeetie acid, or else this substance would appear
in the urine, or at least one of its derivatives, so Knoop believes that the
oxidation process takes place not in the a position, but at the ß carbon
atom. Whether the oxidation of the side chain is the rule or not, Knoop
proposes to decide by studying the higher homologe of phenylproprionic
acid or of its derivatives.
Without going into detail with Knoop's experiments with individual
acids, it will suffice to reproduce his table with a short summary of his
conclusions as given by Folin.1
"When ordinary fatty acid derivatives are linked to the benzene
group, C6H5, and the resulting compounds are fed to dogs, the fatty
acid chains are broken down by oxidation of the carbon atom third from
the end of the chain and the intervening two carbon atoms are split off.
In other words, not one, but two carbon atoms are split off at a time,
and only so many are split off as can be taken two at a time and still
leave, at least, one carbon atom attached to the benzene ring.
"If the fatty acid side chain attached to the benzene radical contains
only one or only two carbon atoms, these can not be split off, and such
compounds will pass through the organism unchanged or but little
altered. With three or with four carbon atoms in the chain two can be
split off, while with five or six carbon atoms in the chain four can be
removed."
Satta8 thinks that there is no doubt that fatty acids are the source of
aceton, but questions if the splitting of fatty acids takes place normally
over /J-oxybutyric acid or aceton. In favor of the view that normally
this does not occur, he writes as follows :
1. The constant excretion of small quantities of aceton by the kidneys
and lungs leads one to believe that aceton is a normal product of metab¬
olism, although this does not mean that the aceton thus formed is formed
in the same way as the aceton seen under pathologic conditions. The
small amount of aceton and absence of /3-oxybutyric acid in normal
urine makes one think that either the quantity of the precursors of
aceton is small, or else the aceton is not derived from the same source as
pathologic aceton; that is, is not formed from oxybutyric acid. The
latter is never seen normally, even when the excretion of aceton exceeds
the usual amount, despite carbohydrate ingestion, and L. Schwarz found
no oxybutyric acid in normal persons, even when aceton was as high as
0.61 grams a day. Satta says that /3-oxybutyric acid is not a normal
metabolic product and that the normal aceton comes from another
mother substance and not from /3-oxybutyric acid.
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2. It is impossible to cause the disappearance of aceton. Even with
much carbohydrate'ingestion the normal aceton can not be made to dis¬
appear, while under the same conditions the aceton output is markedly
diminished.
3. The normal organisms can burn up quite readily /3-oxybutyric
acid and diacetic acid, although there have not been many experiments
with the latter, while, on the other hand, the oxidation of aceton is not
only deficient in diabetics, but also in normal individuals.
While to Satta's mind the fact that abnormal aceton is a product of
fat splitting, yet this does not help in explaining the presence of normal
aceton. If a person is fed on excessive protein and carbohydrate food
the normal aceton still appears. In this case no fat has been ingested
and no fat is being broken down. On the other hand, by withdrawing
carbohydrates from the food, forcing the organism to draw on its own
heat-supply, aceton is increased, and all that is necessary in order to
diminish it again is the ingestion of carbohydrates.
In this connection it may be well to consider how these antiketoplas¬
tic bodies act. One view is that these stuffs act directly or indirectly,
increasing the oxidation of /3-oxybutyric acid to aceton, but this is
scarcely possible, as /J-oxybutyric acid, when ingested, is burned up with
no increase of aceton, and, as aceton is poorly attacked, the oxidation of
/3-oxybutyric acid over diacetic acid and aceton can not take place. An¬
other view advanced by Geelmuyden25 is that a synthesis takes place
between /3-oxybutyric acid and carbohydrates, probably glycuronic acid,
by means of which the aceton formation is hindered, and failure of this
synthesis on carbohydrate diet is expressed by acetonuria. Satta be¬
lieves that this synthesis does not take place between /3-oxybutyric acid
and carbohydrates alone, but also between the precursors of /3-oxybutyric
acid and carbohydrates. That the pairing of the former is not with
glycuronic acid alone is shown by the fact that lévulose and pentose act
antiketoplastically, but do not form glycuronic acid. Still a third view
is that, in the presence of these antiketoplastic bodies, no /3-oxybutyric
acid is formed from fat, consequently no diacetic acid and aceton.
Against the intestinal origin of aceton formation Satta makes the
following objections :
1. Purges do not diminish aceton, but often have the opposite effect,
and even salol and benzol, two well-known intestinal antiseptics, are
frequently followed by increase of aceton.
2. The gastrointestinal tract does not contain considerably more
aceton than do other organs, and Magnus Levy found less aceton in the
gastrointestinal tract of a diabetic than in the other organs.
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3. If aceton is formed in the gastrointestinal tract, there should be a
direct relation between proteid decomposition and aceton, but Satta
found that sulphur diminished when aceton was increased and went up
if aceton remained constant or sank.
4. The aceton of inanition could not be explained on this basis, for,
if nothing is taken into the stomach, how can aceton be formed from
protein decomposition in the intestines? Müller, however, states that
albumin is still decomposed, but against this it may be stated that :(a) Inanition acetonuria increases while the amount of gastrointes¬
tinal contents diminishes.
(b) If the stomach and intestines are analyzed, it is found that
only 16.23 grams of /3-oxybutyric acid can be obtained.(c) If it is believed, as Müller himself holds, that aceton is derived
from fat, then this militates against the gastrointestinal theory, as fat is
scarcely ever present.
(d) The immense amounts of aceton seen in coma, and when patient
has fasted three and four days, lead one to think that the building place
of aceton is within the cells, although in which organ is still undecided.
Sátta suggests that in those organs having the most to do with the
utilization of fat, namely, the glandular organs, there should be found
more oxybutyric acid and its descendants (Knoop's experiments show
that a fatty acid molecule through successive oxidation in the ß position,
finally yields one molecule /3-oxybutyric acid).
Baer27 studied the effect of glycuronic acid on acidosis, working on
the idea of Geelmuyden,25 that glycuronic acid is the underlying feature
of acidosis. He gave dogs camphor in order to cause increase of paired
glycuronic acid, and hence withdrawal of this acid from metabolism, but
he found no increase of aceton or of /3-oxybutyric acid. In fact, he pro¬
duced a diminution of /3-oxybutyric acid and aceton, but in order that the
objections should not be raised, that, as camphor is an excitant, it might
cause increased combustion of aceton bodies,- he substituted chloral
hydrate. In this case he found the acidosis to be diminished and that
oxybutyric acid almost disappeared. As the dog was somnolent, he
again made a substitution with morphin, and, finding that there was an
increase of acidosis, he gave chloral hydrate again, with an immediate
diminution of aceton.
If by withdrawal of glycuronic acid the acidosis is diminished, or if
in excretion of glycuronic acid, with glycosuria, no acidosis appears, it
would seem that glycuronic acid is itself the source of aceton bodies.
Indeed, a similar idea was advanced by Flückiger as follows :
27. Ztschr. f. klin. Med., 1905, lvi, 198.
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COH(CHOH)4.COOH (glycuronic acid) = C4Hs03 (oxybutyric
acid) + CH202 (formic acid) and CO,, but this theory does not assist
us much in the solution of the question, as we know that aceton may be
derived from many sources.
Baer is inclined to believe that in fasting glycuronic acid is not de¬
rived from pre-existing carbohydrates, but from protein, as suggested
originally by Loewi or from other groups having nothing to do with car¬
bohydrate production, perhaps from mother substance of aceton bodies.
It is not improbable that decomposition products arise together with
glycuronic acid and by further combustion cause diminution of acidosis.
Borchardt,28 in discussing the sources of aceton bodies, says that fat
is ketoplastic and glycerin antiketoplastic. As fat is resorbed from
intestines and appears in chyme as neutral fat by synthesis with glycerin
derived from the body, he suggests that the ketoplastic action of fat is
due not so much to the acid formers as to withdrawal of the antiketo¬
plastic substance, glycerin.
This view is further supported by the fact that fatty acids injected
subcutaneously are not ketoplastic. Geelmuyden found no acetonuria
after two grams of butyric acid were given in that way. AValdvogel
found no aceton bodies after the administration of olive oil, and it is
now settled that fat without fatty acids diminishes aceton body excretion.
The difference in action of ingested fatty acids and injected fatty
acids is very easily explained by Borchardt as follows : If given per os,
there is a synthesis with the glycerin of the body, with the formation of
neutral fat-tri glycerids of the ingested fatty acids. This glycerin, being
derived from the body, has no power to form sugar (which ordinarily it
accomplishes very easily), and it loses its antiketoplastic property on
this account.
It will be remembered that carbohydrates lessen the output of the
aceton bodies. If the fat is injected subcutaneously, there is no synthesis
with glycerin, no withdrawal of glycerin from the body, the glycerin
retains its sugar-forming antiketoplastic property, and there is no in¬
crease of aceton. It is this withdrawal of glycerin from the body and
not the action of the fatty acids themselves that accounts for the keto¬
plastic action ascribed to the latter. Although apparently in favor of
this ingenious view, Borchardt remains non-committal, preferring that
time and future experiments should furnish the proof. This work, to
my mind, refutes the arguments of Neuberg and Blumenthal.0
Embden and Kalberlah29 refer to a previous series of experiments in
28. Centralbl. f. d. ges. Physiol, u. Path. d. Stoffwechs-u, 1906, viii, 121.
29. Hofmeister's Beitr., 1906, viii, 121.
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which they showed that the liver was the chief building station of aceton.
Embden, Salomon and Schmidt30 go still further and study from what
substance aceton is formed. As their work is of great interest, I have
chosen to review it at length. The above authors start their work with
two postulates:
1. If aceton is a breaking down product of a substance, it ought to
display the same characteristic structure as the mother substance from
which it is derived.
2. Appearance of aceton after perfusion leads to the idea that addi¬
tion of substances to the blood ought to increase aceton, as it is bound
up with difficulty in the liver.
They added glycocoll, alanin, glutaric acid and asparagin to perfused
blood, but found no increase in aceton. After leucin,CH3 CH3
however, there was a marked increase and they suggest \ /
that aceton may be derived from the iso propyl group. ~¡rj:
If that is so, then an isomerie compound of leucin should
     
COOH
CH3
CH,
(   not give it, and thev used a amido normal caproic acid, „,2CM,
CHNH,COOH"
and found, as they supposed, that the aceton remained within the limits
of that found after perfusion of liver with blood, so that the increase of
aceton is probably not due to the iso propyl group.
CH., CH3\'/
They tried the next lower a amido iso valeric acid, CH
CHNH,
COOH
which did not cause increase of aceton, for there was neither a splitting
of carbon from carboxyl group, nor a splitting between the a and ß car¬
bon atom.
v. Koorden and Embden suggested that there is a splitting between
the ß and
 
carbon atom, which would explain the aceton seen after
leucin, and not after amido valeric acid, as such splitting would not pro¬
duce aceton here.
Phenyl proprionic acid, C6H-.CH2CH,COOH, and cinnamic acid,
reH3.CH: CH.COOH, are changed in the organism to benzoic acid,
30. Id., p. 129.
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C6H5 : COOH, and hippuric acid, C6H5CO : NH.CH2C00H, and it will
Ue remembered that Knoop found that  phenyl butyric acid was split
up to phenyl acetic acid, C6H5CH2C00H, and appears as such, whereas
phenyl valeric acid, C6H5(CH2)4.C00H, goes into hippuric acid. Also
it was found that /3-phenyl lactic acid, CeH5.CH2.CHOH.COOH, and
benzoyl acetic acid, CeH5CO.CH2COOH, appear as hippuric acid; ben-
zoylproprionic acid, CeH5.C02CH2CH2COOH, and phenyl iso crotonic
acid, and C6HSCH: CH.CH2.COOH, as phenylacetic acid, and in all
these there is a splitting between the a and ß carbon atoms.
Embden, Salomon and Schmidt now suggested that the NH2 group
might be the cause, so they took the corresponding fatty acids,
iso butvlacetic acid, CIL, CH3\y
CH
ICH„
ICH.,
ICOOH
and iso valeric acid, CH3 CH3\/
CH
CH2
I
COOH
and found that the iso butylacetic acid, corresponding to leucin, formed
no aceton, whereas the iso valeric acid, corresponding to amid valeric
acid, was a strong aceton builder, just an opposite effect from leucin and
amido valeric acid. The last follows the same law as the splitting up of
the chain, as Knoop found, namely, there was a cleaverage between the a
and the ß carbon atom.
If this view is applied to iso butylacetic acid, which in structure is
like iso valeric acid, namely, that there is a splitting between the a and
ß carbon atoms, then iso butyric acid, CH3 CH3
w
CH
COOH
should be formed, and, if this is so, then this acid should give no aceton,
which they found to be the case. The three homologs, iso butyric acid,
iso valeric acid, and iso butylacetic acid, as regards their aceton building
properties, behave exactly as do the aromatic fatty acids in their side
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chains, and Knoop's experiments hold good for the aliphatic fatty acids.
Why leucin and amido iso valeric acid are split up differently from their
corresponding fatty acids is explained by Embden and his co-workers :
Leucin and amido iso valeric acid are changed by a splitting up of the
carboxyl group into substances with one less carbon atom.
Whether the leucin is changed to iso valeric acid by oxidation of its
carbon atom after denitrification, or whether amido iso valeric acid is
converted into iso butyric acid in the same way, or if only the precursors
of these fatty acids are formed—for instance,
iso amylic alcohol, CH3 CH3\/
CH
1CH,
CH,OH
or iso valeraldehyd, CH3 CH3
CH
CH2
IC„OH
from leucin—they do not say. Whichever way they are split up, their
further cleavage after splitting of carboxyl group follows the same law
as that of fatty acids. Leucin, according to this, would be split up just
the same as iso valeric acid and the amido iso butyric acid like iso butyric
acid. Therefore, leucin perfusion gives rise to aceton as does perfusion
with iso valeric acid, and amido iso valeric acid does not, as is the case
with iso butyric acid.
Magnus Levy showed that oxybutyric acid can form aceton in the
animal organism, and Embden et al. found this to be the case in perfu¬
sion of liver, where almost ten times as much aceton was formed as is
seen with perfusion of normal blood. Perfusion of muscle led to nega¬
tive results. Since oxybutyric acid is probably formed by oxidation
from butyric acid, they tried the latter and found that aceton was formed,
doubtless with the intermediary formation of oxybutyric acid.
They studied perfusion with 1-tyrosin, HO-CeH4-CH2-CHNH2-
COOH, and racemic phenylalanin, C6H5-CH2-CHNH2-COOH, which
it will be seen, are amido acids united to the benzene radical, and found
that both produced aceton. The phenylalanin minus the amido group or
ß phenyl a lactic acid, C6H5-CH2-CH0H-C00H, also produced aceton,
though not to such a marked degree as tyrosin and phenylalanin. As in
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these substances the aromatic nucleus is burned up in the body, the next
point to prove was whether aromatic substances themselves could produce
aceton, in other words, if the aceton formation is in any way connected
\vith the combustion of the aromatic nucleus. They selected ß phenyl ß
lactic acid, CeH5-CHOH-CH2-COOH, phenylacetic acid, C6H5-CH2-
COOH, and cinnamic acid, C0H--CH :CH-COOH, and found that all of
these failed utterly to produce aceton, and they conclude that the source
of aceton in tyrosin, phenylalanin, and phenyl a lactic acid is the easily
attacked aromatic nucleus, while in ß phenyl ß lactic acid, phenylacetic
acid, and cinnamic acid, as the nucleus is not oxidized, there is conse¬
quently no aceton. How the benzene ring is utilized to form aceton is
not certain, but, according to Neubauer and Falta, phenylalanin is
changed to uroleucic acid, then to homogentisic acid, and in this acid
the benzene ring is attacked, and Embden et al. confirmed this by finding
aceton increased by perfusion with the latter.
H H H
O CC
/\ /\ s\
HC I I CH HC I I CH HCI ICH
HCI ICH HCI |CH HCI |CH
CH2-CHNH2COOH CH2-CHNH2COOH CH2-CHOH.COOH
Tyrosin Phenylalanin Phenyl Lactic Acid
H H
C C
/\ /\
HO I ICH HO| ICHHCI I OH HCI |OH
CH2-CHOH.COOH CH2COOH
Uroleucic Acid Homogentisic Acid
Embden, Salomon, and Schmidt make several conclusions, which,
briefly put, are that the aliphatic monamido monobasic acids are broken
down to a body containing one less carbon atom, probably the correspond¬
ing fatty acid, and as such they are burned up as fatty acids are, namely,
by oxidation in the ß position.
Without detailing the important contributions of Baer and Blum,31 it
may briefly be stated that after a very careful study of the result of giv¬
ing fatty acids to diabetics, they conclude that branched fatty acids, with
an even group of carbon atoms, are productive of ß oxybutyric acid and
with this, aceton, whereas fatty acids, with 3 or .5 carbon atoms in a
straight chain are not; and especially productive of oxybutyric acid are
those acids where oxidation takes place in the ß position. Of course,
when ß oxybutyric acid was increased, aceton was increased also, lending
31. Arch. f. exper. Path. u. Pharmakol., 1906-7, lv, 89, and lvi, 92.
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additional weight, if more were necessary, to the belief that aceton is an
end-product of /3-oxybutyrie oxidation.
In order to see if Embden, Salomon and Schmidt's observations on
the perfused liver could be repeated by feeding the same substances,
Borehardt and Lange14 experimented on themselves. They put them¬
selves on a carbohydrate free diet and produced constant aceton output,
then they gave themselves amido acids, beginning with glycocoll,
CH,XH,-COOH, and found no increase, but rather a diminution of
aceton. Embden28 had found the same thing with perfusion. With
alanin, CH3-CHXH2COOH, there was a diminution of aceton, confirm¬
ing previous observations of Embden et al. The cause of this is due to
the conversion of alanin into lactic acid by denitrification,
CH3 GH3
CHXH, CHOH Lactic acid
COOH COOH
and this acid has been found by Neuberg and Langstein after feeding
rabbits on alanin and also by Embden in his perfusion experiments.
Studies by Satta have shown that lactic acid is an antiketoplastic body,
so that the explanation seems to be a suitable one.
The next acid to be experimented with by Borehardt and Lange was
the aniid of the dibasic aspartic acid, asparagin, COOH.CHNH,.CH,-
CONH,. They found this produced a decided diminishing effect on
the excretion of aceton bodies, as did Embden, Salomon and Schmidt.
Glutaminic acid, a amido glutaric acid,C00H-CH2-CH,CHNH„-C00H,
was found in perfusion to have no influence on aceton bodies and on feed¬
ing they found the same thing.
Leucin caused a marked increase in aceton, as Embden found. Emb¬
den, Salomon and Schmidt believe this occurs by splitting of molecule
between ß and
 
carbon atoms, giving rise to aceton directly. In this
case lactic acid should be formed from lower half, but Embden could not
find this, nor could Borehardt and Lange.
CH3 CH3 CH., CH3
CH
 
/ C=0
I Aceton
  .,ß \ CH3 CH3
CHNH, a ^ CHNH,-> CHOH
I I
"
ICOOH COOH COOH
Leucin Alanin Lactic acid
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Tt seems to me that were the leucin split up in this way the aceton
should be decreased, as lactic acid is an antiketoplastic substance (Satta).
Baer and Blum give another explanation, according to the law that
fatty acid derivatives with substitution at the a carbon atom behave
exactly as does the next lower fatty acid; in this way iso valeric acid
would be formed, which, in turn, by substituting an hydroxyl group for
a methyl group would be converted into /3-oxybutyric acid, as shown by
the following formula :
CH.. CH, CH, CH, CH, OH
CH CH CH
CH2 -> CH2 -> CH2
CHNH2 COOH COOH
COOH Iso valeric acid /3-oxybutyric acid
Leucin
This seems to be the way of cleavage, for if it were split up over
alanin and lactic acid sugar should be formed, as the last two substances
are known to be conspicuous sugar formers, while leucin is known to have
no effect on sugar output.
Borchardt and Lange conclude their interesting paper with the fol¬
lowing conclusions regarding the cleavage of fatty, oxy and amido fatty
acids :
1. In the formation of aceton bodies, oxybutyric acid is first formed,
from which by further oxidation diacetic acid is formed, and, finally, by
cleavage of carboxyl group aceton is produced (Minkowski).
2. Amido and methyl groups united to a carbon atom can be substi¬
tuted by a hydroxyl radical; in branched fatty acids, with two terminal
methyl groups, one of the methyl groups is substituted by a hydroxyl,
for instance,
CH3-CH3 CH3 OH\/ \/
CH CH
I ICH2 CH2
COOH COOH
iso valeric acid /3-oxybutyric-aeid
3.
 -oxy and  -amido acids behave as do the next lower fatty acids(a amido valeric acid like butyric acid, leucin like iso valeric acid).
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4. Unbranched fatty acids with an even number of carbon atoms and
with the group CH2-CH2-CH2-COOH can be oxidized in the ß position,
split in the same position and again oxidized in ß position, until they
are broken down to /3-oxybutyric acid.
Branched fatty acids with uneven carbon atoms are probably split in
same way and lead to oxybutyric acid formation.
MODERN THEORIES AS TO CAUSE OE ACIDOSIS AND COMA.
Lépine32 says that acidosis does not explain all the symptoms of coma,
especially the pulse and dyspnea, and quotes Klemperer and von Noorden
as holding the view that coma is due to an unknown toxin in the blood.
Sternberg (quoted by Lépine) has shown that after ingestion of ß amido
butyric acid there is acceleration of the pulse and respiration and appear¬
ances of coma, and that one gram per kilogram of body weight is fatal.
/3-oxybutyric acid, to the extent of nine grams, on the other hand, has
been injected into a dog weighing 7 kg. without any ill effects, and he sug¬
gests that ß amido butyric acid may produce /3-oxybutyric acid with
splitting off of NH3.
CH3CHNH2-CH2-COOH + H20 = CH3.CH0H.CH2.C00H + NH3.
One explanation for the increase of NH3 seen in diabetic coma is thus
offered, and the second source would be the protein tissue, as will soon be
shown.
Lépine thinks the amido butyric acid is derived from the nitrii of
amido butyric acid as follows :
CH3-CHNH2.CH2.CN + 2H20 = CH3-CHNH2-CH2-COOH + NH3.
Gautier (quoted by Lépine) has found that albuminous substances
contain complex nitrils. Some are innocuous, but by the action of cer¬
tain reagents nitrils can become very poisonous, as cinnamic nitrii, which
produces symptoms analogous to hydrocyanic acid poisoning. Lépine's
theory based on Gautieris observations and his own work is, that not the
ß amido butyric acid or /3-oxybutyric acid, but rather the complex nitrils
of protein tissue are the cause of acidosis. In support of this view he con¬
curs with Fiquet in recommending phenol in diabetes, as combinations of
this with nitrils renders them innocuous, and believes it should be tried.
This very suggestive work of Lépine does not seem to have been followed
up, and, despite the fact that only a amido acids are seen after protein
cleavage, there are a great many things in favor of his theory, which
require further study to be put on a firm basis.
32. Semaine m\l=e'\d.,1900, p. 399.
33. Deutsch. med. Wchnschr., 1900, p. 757.
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Spitzer33 does not lay much stress on the /3-oxybutyric acid theory of
acidosis, as even diabetics can use up a good deal of oxybutyric acid, and
in pancreatic diabetes no acidosis can be produced with oxybutyric acid.
He agrees with Magnus Levy that the poverty of the organism in fixed
alkalies is not the cause, as Xaunyn held. Spitzer holds to the view that
carbohydrates are to be regarded as the underlying condition, as cases of
diabetes are constantly met with where acidosis appears on going over to
a carbohydrate free diet. Here no increase of acid is ingested, the main
reason for the appearance of coma being that in breaking down of carbo¬
hydrates, substances are formed which, uniting with the decomposition
products of protein and fat, render easy the oxidation to C02 and H20.
Absence of these substances, as is seen in carbohydrate hunger and in
diabetes, leads to acidosis, as the oxidative power of the organism is not
enough in itself.
The disturbance of the carbohydrate metabolism, preventing oxida¬
tion of protein and fatty decomposition products, Spitzer believes to be
due to psychic or physical trauma, for such cases are often seen leading
to rapid death from acidosis. Again, cases of mild diabetes have been
operated on, with rapidly ensuing coma after narcosis, and Spitzer does
not agree with Xaunyn that the narcosis has caused rapid tissue break¬
down, explaining the acidosis, but thinks the time is too short for such
an extensive destruction to take place, and that psychic shock best ex¬
plains it. Spitzer reports a case of mild diabetes with absence of acidosis
even after fasting, but which succumbed to coma after fracture of the
clavicle. In this instance there was no oxybutyric acid, in fact, numer¬
ous cases have been published of coma with high XH3 output, yet with
no aceton or diacetic acid (Eumpf, Miinzer, Strauss, quoted by Spitzer).
Spitzer suggests that, as after the celebrated Piqûre, the liver is "fright¬
ened," shakes out all its glycogen and loses the power to hold back sugar
coming to it.
Grube34 has concisely summarized the four main theories of diabetic
coma, and I shall briefly reproduce his remarks :
1. Theory of Coma on Basis of Aceton Poisoning.—He does not be¬
lieve in this for three reasons: (a) aceton can be excreted for years with
no symptoms of coma, (b) in a few cases of coma aceton has been absent,(c) after ingestion of aceton there is no intoxication, and even with large
doses the symptoms are not those of diabetic coma.
2. Uremie Theory.—-There is a wide difference between the two dis¬
orders, as uremia is never seen with healthy kidneys and coma very
often is.
34. Arch. f. exper. Path. u. Pharmakol., 1900, xliv, 349.
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3. ß-oxybutyric Acid Theory (Stadelmann, Naunyn, Magnus Levy).—
Stadelmann suggested that the symptoms of coma were due to increased
acid formation, and believed that crotonic acid was the cause, but this
was soon controverted by Minkowski and Külz, who found not crotonic
acid, but /3-oxybutyric acid. This theory, that of a /3-oxybutyric acid in¬
toxication, seems to be somewhat weakened by the studies of Walther,
who produced symptoms similar to coma with hydrochloric acid and
phosphoric acid. Furthermore, other acids, diacetic acid, lactic acid, and
fatty acids are seen, and have each been held responsible for coma, though
Magnus Levy claims they play no quantitative rôle.
4. Unknown Toxin Theory (Klemperer).—This theory holds that
both coma and /3-oxybutyric acid are caused by these toxins.
Grube seems to incline to this view (see Lépine), and experimented
on cats with ß amido butyric acid, producing coma in all of his twenty
experiments, and, according to the amount of acid ingested, the severity
of the coma was influenced, together with appearance of aceton and
sugar. He has thus confirmed Sternberg's work, and in this he must be
classed with Lépine, but he doubts whether ß amido butyric acid is
formed in the diabetic organism.
Magnus Levy35 repeats in this work his former assertion that diabetic
coma is an acid intoxication. The acidosis is so extreme in coma that
the acid withdraws from the blood and tissue the alkalies of the carbon¬
ates and phosphates and destroys the vital groups of protein molecule,
especially the proteid of the ganglia body cells. As a proof of this loss
of oxidation power of organism, one sees in diabetic coma diminution of
alkalies of blood and appearance of large quantities of /3-oxybutyric acid
in the blood.
Busse36 agrees with the above, and states that in autopsies made on
diabetics he has found parenehymatous degeneration of kidney and
heart, and sometimes of liver, which he attributes to the action of /3-oxy¬
butyric acid.
Orlowski37 studied the alkalinity of blood in diabetes and found it to
be invariably lowered, due, as he says, to /3-oxybutyric acid, which he
regards as the underlying cause of coma, aceton, and diacetic acid being
merely secondary. He gives a rather broad definition of acid intoxica¬
tion, inasmuch as he regards the diagnosis as certain only when /3-oxy¬
butyric acid is found in the blood and urine, and when there is improve¬
ment in the condition with the use of alkalies. I should take exception
35. Id., 1901, xlv, 389.
36. M\l=u"\nchen. med. Wchnschr., 1901, p. 1404.
37. Centralbl. f. Stoffwechsel., 1902, p. 31.
Downloaded From: http://archinte.jamanetwork.com/ by a University of Iowa User  on 05/31/2015
424 DIABETIC ACIDOSIS.
to the last statement, and I believe many clinicians would agree with me
that many cases of coma do not recover under the use of sodium bicar¬
bonate or alkalies in general, but they are nevertheless cases of coma. I
recall a case, studied with Dr. Musser, where coma was prognosed several
days before its onset, alkaline therapy was instituted intravenously, sub-
cutaneously, per os, and by enteroclysis, despite which the patient gradu¬
ally grew worse and died with the typical symptoms of diabetic coma.
To make a diagnosis of such a severe condition on a therapeutic test
seems to me to be unwise.
That aceton can cause autointoxication is shown in the report of two
cases by Pettera,38 but he specifically states that there was no resemblance
between diabetic acidosis and his cases, nor was there ever found any
sugar or /3-oxybutyric acid. The condition is hardly to be confused with
diabetic coma, although his report contradicts statements made by other
observers that aceton is not toxic (Grube34). To these cases may be
arrayed a third, reported by Palma,39 of three attacks of autointoxication,
when the only underlying condition was great increase of aceton in urine
and probably in the breath, although Folin, in his Harvey lecture of
1908, said that the peculiar aceton odor of breath is not caused by aceton
in the great majority of the cases.
Eppinger, in 1906, published two important papers dealing with
acidosis which I consider worthy of detailed review. In the first con¬
tribution,40 he reviews some of the previous work on this subject, start¬
ing with Salkowski's work on the utilization of tannin by herbívora.
Tannin, it will be remembered, is amido ethyl sulphonic acid,
C2H7NS03, or CH2KH2CH2S02OH, and Salkowski found that herbívora
used up tannin with the liberation of H2S04, and that if the feeding of
tannin were continued for any length of time the animals invariably
died. This he believed due to the withdrawal of alkalies from the body
by the acid, and found the bases of the urine increased after tannin.
The same thing was noted after ingestion of H2S04. Gäthgen, in at¬
tempting to corroborate this, fed tannin to dogs without any success, and
ascribes the difference between his work and Salkowski's to the difference
in chemical constitution of herbívora and carnivora.
WTalther, according to Eppinger, laid the foundation of our modern
view of acidosis, and found that if an acid which is not oxidized were
introduced into rabbits, the C02 of the blood diminishes very rapidly,
and when the height of the poisoning is reached it disappears entirely.
38. Prag. med. Wchnschr., 1905, p. 199.
39. Wien. klin. Wchnschr., 1906, No. 5.
40. Wien. klin. Wchnschr., 1906, No. 5.
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He believes this is due to the combination of blood alkalies with the acid
and, the blood being no longer able to extract the poisonous CO, from the
tissues, there is an accumulation, and the animal succumbs to what he
graphically terms "internal suffocation." He substantiates this view by
noticing the remarkable beneficial effect of intravenous injection of
alkalies in these cases. In dogs, on the contrary, he did not find this
diminution of carbonic acid in the blood, and, as the fixed alkalies remain
unchanged, he thinks the organism of a carnivorous animal has other
means of protection against acid intoxication. This protection he as¬
cribes to NH3, which he found increased in the urine, and which he
believes prevents the export of fixed alkalies from the blood.
Eppinger believes that the constitutional difference between carnivora
and herbívora, suggested by Gäthgen, is not the fundamental reason for
such divergence of results, but thinks the discrepancy is rather one of
degree. Winterberg and Limbeck have shown that by gradually increas¬
ing the dose of the acid they could increase the usual lethal dose for a
rabbit, which was accompanied by a slight increase of ammonia, and
Spiro later showed that dogs could be killed by acid intoxication. These
experiments tend to render the view of a "constitutional difference" in
the two species untenable, but the question naturally arises, If in car¬
nivora the ammonia is the main protection against acidosis, where is it
stored up, for we know protein tissue is the only source? As rabbits
have practically no ammonia for protection, Eppinger thinks that if
nitrogenous bodies derived from protein decomposition are fed to rab¬
bits they should save the animals from a fatal acid poisoning, and,
furthermore, that their resistance should be accompanied with an in¬
creased output of ammonia in the urine.
Working on this hypothesis, he gave rabbits the fatal dose of hydro¬
chloric acid, and followed immediately with amido acids, finding that
glycocoll (CH2NH2.COOH), alanin (CH3-CHNH2-COOH) and as-
partic acid (CO0H.CHNH2.CH2C00H) all prevented acidosis. Two
reasons are suggested: Either that this action was due to com¬
bination of the amido acid forming glycocoll hydrochlorate, which is ex¬
creted as such, or that oxidation takes place, setting ammonia free, which
uniting with the acid renders it innocuous.
That the first was not the case was proved by the fact that the rabbit
rapidly succumbed to an aliquot amount of glycocoll hydrochlorate. If
the second procedure takes place, there should be more NH3 found in the
urine, which he showed to be the case. That the amount of ammonia
derived from the amido acids is not enough to neutralize the acid, and
that fixed alkalies are a factor, he proved by finding an increase of potas-
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sium and sodium in the urine. Further confirmation of this is offered,
as he found there was a slight withdrawal of alkalies from the blood.
The acid amids, foramid, CHO.jSTH2, and acetamid, CH,-CONH2-
exert no such effect as would be expected, as Schultzer and Neneki41
found that the acid amids are not changed in the body.
Having established that amido acids, the lowest cleavage products
of protein decomposition, offer immunity against acidosis, Eppinger tried
the effect of polypeptids—glyzylglycin and leucylglycin—which only
retarded the death of the rabbit, while with pepton and gelatin the ani¬
mal died very promptly from acidosis. This seems to prove to Eppinger's
mind that the kind of food, and the way such food is utilized by the
organism, is the primary condition in acidosis, and he thinks that dia¬
betes may be an expression of disturbed proteid as well as of disturbed
carbohydrate metabolism.
In a second paper Eppinger,42 after reviewing the main substance of
his first article, thinks that his experiments have some practical value in
diabetes. After showing that the body derives the protective ammonia
mainly from the food, he believes that the reason the organism succumbs
to diabetic acidosis is because there is not enough protein food given to
furnish the required amount of ammonia, and as the body is unable to
furnish fixed alkalies for any length of time, acid intoxication is bound
to follow. The gastrointestinal disturbances preceding may be due to a
defective breaking down of protein, with the necessarily resulting dimi¬
nution of ammonia. In coma, therefore, Eppinger recommends the use
of urea subeutaneously, and amido acids per os and per rectum, although
he is inclined to Ebstein's view, namely, that diabetes is more a disease
of entire protoplasm which prevents the organism from using even amido
acids (Mohr). Despite the apparent absurdity of giving a person sub¬
stances which are not utilized, Eppinger, nevertheless, recommends try¬
ing amido acids, as he considers the treatment of coma futile in any case,
and the amido acids can do no harm.
As Folin points out, "the alkali therapy must, after all, furnish the
final practical proof of the validity of the acid intoxication theory," and
this is true, to a certain extent, but it must be remembered that not all
cases of diabetic coma are comparable. Some are seen early and some
late in the course of the disease, and this must vitiate to a certain extent
the results obtained with the alkali treatment. Eemembering the work
of Busse,36 the destructive changes wrought by /3-oxybutyric acid must be
borne in mind, and if, as Ebstein (quoted by Eppinger) states, diabetes
41. Hammarsten. Physiol. Chem., 5th edition, p. 546.
42. Ztschr. f. exper. Path. p. Therap., 1906, p. 530.
Downloaded From: http://archinte.jamanetwork.com/ by a University of Iowa User  on 05/31/2015
EDWARD H. GOODMAN. 427
is a disease of the entire body protoplasm, it will be seen that when de¬
structive changes take place in the body just how futile any treatment
must be. That early cases of coma are benefited by alkaline remedies
there can be no doubt, and even in the advanced cases improvement and
sometimes postponement of lethal termination have been observed.
/3-oxybutyric acid seems at present to be the cause of acidosis. Why
this acid is formed is as much a riddle as ever before, and the glib an¬
swer that the body has, in a measure, lost its oxidative power is but a con¬
fession of our ignorance of the subject in question. All we know is that
/3-oxybutyric acid is seen in advanced diabetes, is seen in coma, has been
found in excessive amounts in the organ tissues of diabetics dying in
coma (Magnus Levy), and appears to be the cause of diabetic acidosis.
The ever-recurring "But why" must be left for future investigators to
answer. Theories there are, and many, but theories without proof remain
but theories, and are to be adjudged as such.
SUMMARY AND CONCLUSIONS.
Together with a clear understanding of diabetic acidosis must be
brought a knowledge of normal physiologic facts, which the foregoing,
dealing only with the important publications of the past eight years,
hardly touched on. It will be remembered that during the breaking
down of carbohydrate, fats, and proteins numerous products of an acid
nature are normally formed. These acid bodies are for the most part
carbon-dioxid, sulphuric, hydrochloric and phosphoric acids, besides uric
acid, fatty acids, and occasionally other acids. The carbon-dioxid is
mostly excreted by the lungs and, in part, by the skin, while the sul¬
phuric acid and other acids are excreted in the urine. These acids are,
however, never found as such, but are combined with the body alkalies,
forming salts. To neutralize these acids, the body must be deprived of
its alkalies, and this loss is covered mostly by the alkalies contained in
the ingested food. Besides these, however, the body contains a certain
amount of "reserve alkali" which is found in the protoplasm of the
body cells as potassium. The alkalies ingested with the food are found
as sodium salts in the circulating blood, and to their presence is due the
alkalinity of the blood. Besides these combinations of alkalies with
inorganic acids, sodium phosphate and sodium carbonate are present,
and these also help in preserving the blood alkalinity. The amount of
these alkaline bodies is not great; 100 grams of blood contain a quantity
equal to only about 180 mgr. of NaOH (v. Noorden).
If alkalies are being constantly withdrawn from the body by the
intermediary products of tissue decomposition, it will readily be seen that
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abnormal sapping of the alkali reserve can be accomplished by lessening
the ingestion of alkalies in the food or by increasing the amount of the
acid in the body. We have seen from Eppinger's work what fatal effect
the administration of acids has on rabbits. Not only are there symptoms
of acid intoxication, rapid respiration and increased pulse rate with
convulsions, coma and death, but there is also an increase of the bases
of the urine with a diminution of the blood alkalinity and of the carbon-
dioxid from the lungs, indicating withdrawal from the body of alkalies.
It will also be recalled what prompt beneficial effects follow the adminis¬
tration of alkalies. In dogs we have learned that, besides these labile
and fixed alkalies of the body, there is a further protection offered by
ammonia which is, for the most part, derived from the protein food.
These teachings of Walther, Eppinger and others we have transferred to
man, and we know that, thanks to our carniverous tastes, we are able to
produce ammonia in such enormous amounts that our protection against
even high acid values in the body is assured. Even under pathologic
conditions, such as diabetic acidosis, v. Noorden reports that an output of
ammonia from 4 to 6 grams a day is not at all uncommon, and Stadel-
mann once found 12 grams. When it is recalled that the normal output
is between .3 and .7 grams, depending, of course, on the ingested food,
and that each gram above that accounted for by the food corresponds to
6.12 grams /3-oxybutyric acid, it will be seen what a great protection the
ammonia is to us and what great quantities of acid it can neutralize.
The name acidosis was coined by Naunyn to cover the symptom-
complex of the presence of increased acid in the body, and is, of course,
always a sign of disturbed metabolism. This increase of acid can occur
in two ways, deficient elimination and increased production. The first
is relatively unimportant and never produces the symptoms of acid
poisoning. The second is of prime importance, and may be associated
with the former, when it is of double significance. The three acids with
which this paper deals are /3-oxybutyric acid, diacetic acid and aceton,
called, for convenience, aceton bodies (Geelmuyden). Of these three,
only aceton is seen normally in the urine, although some modern writers
contend that this is not so, that aceton is never preformed, but is really
diacetic acid. Until this matter is cleared up I prefer to regard the
aceton determined by our qualitative tests, as aceton. That aceton is a
product of normal metabolism can not be denied, and, though there is
some doubt as to its toxicity, I believe it has been pretty definitely shown
that aceton does not produce acidosis (Grube, Satta). Diacetic acid is
also readily oxidized when given to healthy individuals, and we have
seen from Lépine's experiments what large quantities of /3-oxybutyric
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acid a dog can take care of without showing symptoms of acid intoxica¬
tion. What, then, causes the symptoms of acidosis and coma if the
aceton bodies are so innocuous? The correct answer I believe to be is
increase of acid in the organism. This acid might just as well be sul¬
phuric acid or any other acid, if such could be formed in equally large
amounts as /3-oxybutyric acid, but it so happens that in diabetes /3-oxy¬
butyric acid is the cause. It must be insisted on that /3-oxybutyric acid
possesses no individual toxic properties not shown by other acids, but the
deleterious effects ascribed to it are due to its purely acid character and,
owing to its acid nature, it has the power of extracting from the body its
alkalin supply and in this way producing acidosis.
The source of these aceton bodies now seems to be practically settled.
That the principal source is from fat, especially fat containing fatty
acids, can not be denied after the abundant proof offered. That the
aceton bodies can be derived from protein has been shown by Blumenthal
and Neuberg, also by Orgler, in vitro, but conclusive proof has been
brought by Embden, Salomon and Schmidt, after finding increase of
aceton after perfusion with leucin. That the formation of aceton from
albumin takes place over fatty acids after denitrifying the amido acids
is also a well-established fact, so that there should be no further contro¬
versy about the question whether aceton is derived from fat or proteid.
Carbohydrates are not the source of aceton bodies.
The place of formation of aceton bodies is probably in the liver (Emb¬
den and Kalberlah, Embden, Salomon and Schmidt), although there are
some supporters of the intestinal origin, especially J. Müller. Lüthje
has found that acetonuria is not diminished by the use of laxatives and
intestinal antiseptics, and v. Noorden has noticed even an increase fol¬
lowing such measures, so this seems to disprove the enterogenous theory
of aceton formation (Satta).
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